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RI FRQVWUDLQWV VXFK DV WRWDO VL]H ZKLOH PD[LPL]LQJ DQRWKHU REMHFWLYH 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LQJUDSKSUREOHPVHDFKSRLQWPD\
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&RQVLGHU D W\SLFDO RSWLPL]DWLRQ H[DPSOH LQ ZKLFK DQ REMHFWLYH IXQFWLRQ¶V SDUDPHWHUV DUH GLVFUHWL]HG
HQFRGLQJVRIUHDOQXPEHUV>@$VWDQGDUGELQDU\UHSUHVHQWDWLRQFDQEHSUREOHPDWLFIRUH[DPSOHUHSUHVHQWLQJ
LQELQDU\DQGLQELQDU\WKRXJK	IROORZHDFKRWKHU WKHLU+DPPLQJ
GLVWDQFH LV   )RU WKH VHDUFK DOJRULWKP WR PRYH IURP RQH YDOXH WR WKH QH[W WKH QXPEHU RI PRGLILFDWLRQV
UHTXLUHG WR WKH ELWVWULQJ LV ODUJH 7KHVH µ+DPPLQJ FOLIIV¶ DUH FRPPRQO\ DGGUHVVHG WKURXJK HQFRGLQJ WKH
SDUDPHWHUVZLWK*UD\&RGHV>@>@:LWK*UD\&RGHVFRQVHFXWLYHLWHPVKDYHD+DPPLQJGLVWDQFHRI
	DUHUHSUHVHQWHGDV	±DVLQJOHELWIOLSPRYHVWRQHDUE\YDOXHV7KLVLVSDUWLFXODUO\




LPSRUWDQW SURSHUW\ ZLWK *UD\FRGH VPDOO FKDQJHV LQ WKH FDQGLGDWH VROXWLRQ DOORZ VHDUFK WR H[SORUH ORFDO
QHLJKERUKRRGV $OWKRXJK WKH ODEHO DVVLJQPHQW SURFHGXUH GRHV QRW JXDUDQWHH VLQJOHELW+DPPLQJ GLVWDQFHV
EHWZHHQFORVH LWHPV LW VLJQLILFDQWO\ ORZHUV WKH+DPPLQJGLVWDQFHV IRXQGE\UDQGRPDVVLJQPHQW 7KHPRVW
REYLRXVFODVVRISUREOHPVVXLWHGIRUWKLVHQFRGLQJLVVHOHFWLQJQRGHVIURPDJUDSKVXEMHFWWRVRPHFULWHULDVHH






JLYHQ DQ XQODEHOHG JUDSK WKDW LV HLWKHU VSDUVHO\ RU GHQVHO\ FRQQHFWHG DQG PD\ FRQWDLQ HLWKHU ZHLJKWHG RU
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2YHUVXFFHVVLYHLWHUDWLRQVHDFKYHUWH[¶VODEHOZLOO µUHDFK¶DOORI WKHQRGHVLQWKHJUDSK 7RHQVXUHWKDWD
YHUWH[¶VLQIOXHQFHLVPRUHSURQRXQFHGXSRQFORVHQHLJKERUVWKHHGJHZHLJKWVDUHVFDOHGWRDSRVLWLYHZHLJKW
7KLVVHUYHVDVDQH[SRQHQWLDOGHFD\RYHUFRQQHFWLRQKRSVIRUWKHLQIOXHQFHRIDYHUWH[RQLWVQHLJKERUVLQ







HDFK QRGH DQG WKH QHZ QRGH¶V ODEHO 2QFH WKH QHZ ODEHOV DUH FKRVHQ WKH IXOO DOJRULWKP LV UHSHDWHG  7KLV
FRQWLQXHVIRUDVHWQXPEHURILWHUDWLRQVRUXQWLOWKHODEHOVQRORQJHUFKDQJHLQWKLVUHDVVLJQPHQWVWHS
$GVRUSWLRQ ZDV RULJLQDOO\ GHVLJQHG IRU FODVVLILFDWLRQ WDVNV WKDW PD\ KDYH VSDUVH GDWD EXW LQ ZKLFK DQ




VWHSVZRUN LQFUHPHQWDOO\ LW LV QRW QHFHVVDU\ WR UXQ WKH UHDVVLJQPHQW VWHS DIWHU HYHU\ LWHUDWLRQ  ,QVWHDG WKH







RSWLPDO DVVLJQPHQW >@>@ *LYHQ DQ1[1 PDWUL[ LQ ZKLFK WKH HOHPHQW LQ WKH LWK URZ DQG WKH MFROXPQ
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:HGHPRQVWUDWHWKHGLIIHUHQFHVLQWKHHQGDVVLJQPHQWVZLWKWKHJUHHG\YV+XQJDULDQPHWKRGE\ ODEHOLQJ
WZRJUDSKV)LJVKRZVWKHUHVXOWVIRUUDQGRPO\LQLWLDOL]HGUXQVIRU$DQRGH³OLQHJUDSK´ZKHUH
WKH QRGHV DUH DUUDQJHG LQ D OLQH DQG HDFK QRGH LV FRQQHFWHG WR HDFK RI LWV WZR QHLJKERUV % D VSDUVHO\
FRQQHFWHG UDQGRP JUDSK RI  QRGHV 7KH UHVXOWV VKRZQ DUH WKH VXPPHG +DPPLQJ GLVWDQFH EHWZHHQ



























DYJ  DYJ  DYJ 

)URP)LJ ILUVW LW LVDSSDUHQW WKDW WKHUH LVQRJXDUDQWHHRIRSWLPDODVVLJQPHQWV ZKHUHFRQQHFWHGQRGHV
KDYHD+DPPLQJGLVWDQFHRIHYHQLIDQRSWLPDODVVLJQPHQWH[LVWV 6HFRQGWKHOLQHJUDSKZDVFKRVHQIRU
H[SHULPHQWDWLRQ EHFDXVH XVLQJ D VWDQGDUG *UD\FRGH WR ODEHO VHTXHQWLDO QRGHV ZRXOG \LHOG DQ RSWLPDO
DVVLJQPHQW   +DG D*UD\FRGHEHHQ IRXQG WKH VXPPHG+DPPLQJGLVWDQFHZRXOGEH  1RWH WKDW WKH
DYHUDJHVXPPHG+DPPLQJGLVWDQFHIRXQGZDVQRWRSWLPDOIRU WKH+XQJDULDQ0DWFKLQJ±EXW IDUEHWWHU
WKDQ UDQGRP   7KLUG WKHUH LV D VLJQLILFDQW GLIIHUHQFH S EHWZHHQ WKH JUHHG\ DQG+XQJDULDQ
0DWFKLQJEDVHG DSSURDFKHV IRU WKH OLQHJUDSK 7KRXJK WKH DYHUDJH+DPPLQJGLVWDQFHXVLQJ+XQJDULDQYV
*UHHG\LVDOVRORZHUIRUWKHUDQGRPO\FRQQHFWHGJUDSKWKHGLIIHUHQFHLVQRWVLJQLILFDQW
$ VHFRQGKHXULVWLF LV WRPRGLI\ WKHGLVWDQFHFDOFXODWLRQPHDVXUHPHQWHPSOR\HG LQ WKH UHDVVLJQPHQW VWHS
5HFDOOWKDWWKHGLVWDQFHWREHPLQLPL]HGLVWKHVXPPHGGLVWDQFHDFURVVDOOQRGHV1EHWZHHQ(YLGHQFHQDQGDOO
ELQDU\ODEHOVRIVL]H7$VLPSOHKHXULVWLFWRSURPRWHVPRRWKQHVVDFURVVFRQQHFWLQJYHUWLFHVLVWRZHLJKWWKH
(YLGHQFH DW HDFK QRGH ZLWK WKH(YLGHQFH IURP DOO WKH QHLJKERULQJ FRQQHFWLRQV QRWH WKDW WKLV GLIIHUV IURP
VLPSO\DSURSDJDWLRQ VWHS LQ WKDW WKHQRGH¶VDVVLJQHG ODEHOGRHVQRW FRQWULEXWHGLUHFWO\ LQ WKLV VWHSRQO\ WKH
(YLGHQFH DFFXPXODWHGDW WKHQRGHDQG LWVQHLJKERUV +HUH(YLGHQFHQ  LVEDVHGRQO\RQ(YLGHQFHQHLJKERUVRIQ
7KLV \LHOGV GUDPDWLF LPSURYHPHQWV LQ WKH UHVXOW RI WKH ODEHOLQJ SURFHGXUH DV VKRZQ LQ )LJ  ULJKW  7KH
GLIIHUHQFHV LQ SHUIRUPDQFH ZKHQ HPSOR\LQJ QHLJKERUGLVWDQFHV FRPSDUHG WR QRW HPSOR\LQJ WKHP LV
VLJQLILFDQWO\EHWWHUS$OOIXUWKHUH[SHULPHQWVZLOOXVHWKLVGLVWDQFHFDOFXODWLRQ
([SHULPHQWDO5HVXOWV±+LOOFOLPELQJ
7R WKLV SRLQW ZH KDYH SUHVHQWHG PHWKRGV WR UHGXFH WKH VXPPHG+DPPLQJ GLVWDQFH EHWZHHQ FRQQHFWHG
QRGHVLQDJUDSK,QWKLVVHFWLRQZHH[DPLQHWKHLUXVHLQVWRFKDVWLFKLOOFOLPELQJ+LOOFOLPELQJ+&LVRQHRI
WKH VLPSOHVW VWRFKDVWLF VHDUFK WHFKQLTXHV VHH )LJ   $OWKRXJK VLPSOH PDQ\ SUREOHPV WDFNOHG ZLWK PRUH
FRPSOH[ VHDUFK DOJRULWKPV DUH HTXDOO\ZHOO WDFNOHGZLWK WKLV DSSURDFK >@ 7KH+&XVHG KHUHZRUNV RQ D
ELQDU\DOSKDEHWDQGWKHRSHUDWRULVDVLQJOHUDQGRPO\FKRVHQELWIOLS,WLVDJUHHG\QH[WDVFHQWDOJRULWKPDV
VRRQ DV DQ LPSURYHPHQW LV IRXQG WKURXJK UDQGRP SHUWXUEDWLRQ WKH QHZ VROXWLRQ LV DFFHSWHG   :KHQ D
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SHUWXUEDWLRQOHDGVWRDVROXWLRQWKDWKDVDQHTXDOHYDOXDWLRQWRWKHFXUUHQWEHVWLWLVDOVRDFFHSWHGWKLVDOORZV
WKHDOJRULWKPWRH[SORUHSODWHDXVUHJLRQVRIHTXDOYDOXHLQWKHHYDOXDWLRQVSDFH
7KHPDSSLQJVIURPELWVWULQJ WRYHUWLFHV LH WKH ODEHOV IRXQGE\ WKHDOJRULWKPVGHVFULEHG LQ WKHSUHYLRXV
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EHWZHHQWKHSRLQWVLQ.:HZRXOGOLNHWRPD[LPL]HWKHVXPRI..GLVWDQFHV)RUWKHH[SHULPHQWVJUDSKV
DUH UDQGRPO\ JHQHUDWHG ZLWK 1  QRGHV ZLWK YDU\LQJ OHYHOV RI FRQQHFWLYLW\ ZLWK WKH WDVN RI VHOHFWLQJ













7KURXJKRXW WKLVVHFWLRQD ODUJHQXPEHURIHPSLULFDO UHVXOWVZLOOEHSUHVHQWHG %HFDXVH WKHSUREOHPVDUH
UDQGRPO\ JHQHUDWHG JLYLQJ WKH ILQDO UDZ HYDOXDWLRQ QXPEHUV \LHOGV OLWWOH LQVLJKW  ,QVWHDG ZH SUHVHQW
FRPSDUDWLYHUHVXOWV  )RUHDFKFRPSDULVRQZHJLYH WKHQXPEHURI WLPHVDOJRULWKP$SHUIRUPHGEHWWHU WKDQ
DOJRULWKP % YLFHYHUVD DQG ZKHWKHU WKH DYHUDJH SHUIRUPDQFH LQ WHUPV RI EHVW HYDOXDWLRQ IRXQG ZHUH
VWDWLVWLFDOO\GLIIHUHQWIURPHDFKRWKHU!FRQILGHQFHXVLQJDSDLUHGWZRWDLOWWHVW
,Q 7DEOH  ZH EHJLQ ZLWK H[DPLQLQJ WKH TXHVWLRQ  LV XVLQJ D UHGXFHG+DPPLQJ GLVWDQFH HQFRGLQJ
EHQHILFLDO LQ WKH HDUO\ VWDJHVRI VHDUFK"  ,Q WKH ILUVW UHVXOW URZZH VHH WKDWZKHQ FRPSDUHG WRRQO\XVLQJ D
VLQJOH UDQGRP DVVLJQPHQW +& 55 XVLQJ WKH +XQJDULDQ DVVLJQPHQW IRU ERWK VWDJHV +&+XQJ+XQJ
SHUIRUPVFRPSHWLWLYHO\  +RZHYHU WKHUHVXOWVDUHTXLWHGLIIHUHQWZKHQ6WDJHXVHGDUDQGRPHQFRGLQJDQG
WKHQHLJKERUKRRGSUHVHUYLQJHQFRGLQJVZHUHXVHGRQO\LQ6WDJH+&5+XQJ	+&5*UHHG\7KRXJK
ERWK XVH UDQGRP HQFRGLQJV IRU WKH LQLWLDO SKDVHV RI VHDUFK WKH\ ERWK RXWSHUIRUPHG +&+XQJ+XQJ  $V
SRVLWHG HDUOLHU LQ WKH EHJLQQLQJ RI VHDUFK PRUH H[SORUDWLRQ RFFXUV ZLWK D UDQGRP HQFRGLQJ  :KHQ
QHLJKERUKRRGSUHVHUYLQJ ODEHOV DUH XVHG LQ 6WDJH ZKHQ ORFDO RSWLPL]DWLRQV DUH QHFHVVDU\ WKH EHQHILWV RI
QHLJKERUKRRGSUHVHUYLQJHQFRGLQJVDUHIXOO\UHDOL]HG 1RWHKRZHYHU WKDW WKHVHUHVXOWVDUHDIXQFWLRQRIWKH




%DVHOLQH 5$1'20*5$3+6WRWDOUXQV  &/867(5*5$3+6WRWDOUXQV
%DVHOLQHZLQV +&+XQJ+XQJZLQV 6LJQLIS  %DVHOLQHZLQV +&+XQJ+XQJZLQV 6LJQLIS
+&55   12    12
+&55   <(6    <(6
+&5*UHHG\   <(6    <(6
+&5+XQJ   <(6    <(6

:HDOVRYHULI\ WKHVH UHVXOWV LQ D VHFRQG VHWWLQJ  ,Q WKH ULJKW WDEOH ODEHOHG&OXVWHU*UDSKVZHJHQHUDWH
JUDSKV ZLWK ³FOXVWHUV´ RI FRQQHFWLRQV ± UDQGRPO\ FKRVHQ QRGHV DUH JURXSHG LQWR FOXVWHUV WKDW DUH GHQVHO\
FRQQHFWHG 2QO\ VSDUVH FRQQHFWLRQV H[LVW EHWZHHQ FOXVWHUV $OO RI WKH H[SHULPHQWV DUH UHSHDWHGZLWK WKHVH
JUDSKV7KHUHVXOWVIXUWKHUPDJQLI\WKHWUHQGVHHQHDUOLHU±XVLQJWKHQHLJKERUKRRGSUHVHUYLQJODEHOLQJRQO\LQ
6WDJHSHUIRUPVEHWWHU WKDQ XVLQJ LW LQ ERWK VWDJHVZLWK+& 7KLV WUHQGZDV DOVRQRWHG LQ DOO RI WKHRWKHU
SUREOHPV WHVWHG 7R SUHVHUYH VSDFH ZH ZLOO QR ORQJHU SUHVHQW WKLV YDULDQW LQ WKH UHVXOWV   ,QVWHDG WKH
QHLJKERUKRRGSUHVHUYLQJHQFRGLQJVZLOOEHXVHGRQO\LQ6WDJHZKHUHORFDORSWLPL]DWLRQLVWKHREMHFWLYH
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7HVW3UREOHP/RQJVKRUWHVW3DWKV
+HUHZHH[WHQGWKHH[SHULPHQWVZLWKWKHSUREOHPGHVFULEHGLQWKHSUHYLRXVVHFWLRQ7KHSUREOHPLQVWDQFHV
DUH SDUDPHWHUL]HG ZLWK  YDULDEOHV 1 WKH QXPEHU RI YHUWLFHV LQ WKH JUDSK & WKH QXPEHU RI GLUHFWHG
FRQQHFWLRQVHPDQDWLQJIURPHDFKQRGHDQG.WKHQXPEHURISRLQWVWKDWQHHGWREHVHOHFWHG)RUHDFKSUREOHP
LQVWDQFH FUHDWHG  LQGHSHQGHQW +& UXQV DUH SHUIRUPHG ZLWK D UDQGRP LQLWLDOL]DWLRQ D XQLIRUPO\ UDQGRP
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
1XPHURXV DGGLWLRQDO H[SHULPHQWV LQFUHDVLQJ WKH JUDSK¶V FRQQHFWLYLW\ ZHUH FRQGXFWHG  7KHVH UHYHDOHG
ZKHWKHU WKH ODEHOLQJ WHFKQLTXHV ZHUH HIIHFWLYH LQ KLJKO\ FRQVWUDLQHG JUDSKV LQ ZKLFK WKH QXPEHU RI
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)RUFODULW\ IRUWKHUHPDLQGHURIWKLVVHFWLRQZHHOLPLQDWH WZRFROXPQVIURPWKHUHVXOW WDEOH 7KHILUVW LV
+&55YV+&55FKDQJLQJUHSUHVHQWDWLRQVFRQVLVWHQWO\SURYLGHGEHWWHUUHVXOWVLQWKHYDVWPDMRULW\
RI WKH SUREOHPV H[SORUHG  )URP WKLV SRLQW RQ ZH RQO\ FRPSDUH RXU DOJRULWKPV ZLWK WKH EHWWHU RI WKH WZR
EDVHOLQHV+&556HFRQGZHHOLPLQDWHWKHFRPSDULVRQ+&5+XQJYV+&55+&5+XQJ
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UHJLRQV RI KLJK SHUIRUPDQFH DUH RIWHQ OHVV HIIHFWLYH DW ³ODVWVWHS´ ORFDO RSWLPL]DWLRQV GXH WR SRSXODWLRQ
FRQYHUJHQFH DPRQJ RWKHU UHDVRQV  +RZHYHU LW LV SUHFLVHO\ LQ WKHVH ORFDO RSWLPL]DWLRQ VWDJHV WKDW WKHVH
HQFRGLQJVDUHGHVLJQHGWRGRZHOO8VLQJWKHVHHQFRGLQJVYVQRWUHVXOWHGLQPL[HGSHUIRUPDQFH
7KH WKLUGDQGPRVW LPSRUWDQWVHWRIH[SHULPHQWVZDVZKHWKHUZKHQDVWDJH ORFDORSWLPL]DWLRQVWHSZDV
HPSOR\HGZRXOG WKHQHLJKERUKRRGSUHVHUYLQJ HQFRGLQJVKHOS RUZRXOG WKH DGGLWLRQRI WKH VWDJH VWHS E\
LWVHOIDFKLHYHHTXLYDOHQWUHVXOWV"1XPHURXVYDULDWLRQVZHUHH[SORUHGLQFOXGLQJXVLQJWKHVDPHHQFRGLQJIRU
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WRH[SORUH ORFDOQHLJKERUKRRGVRQFHUHJLRQVRIKLJKSHUIRUPDQFHDUH IRXQG7KURXJKDQH[WHQVLYHHPSLULFDO
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